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We, MoNTECATiNi Bdison Sj».A., a Body 
Corporate organised and existing under the 
laws of Italy, of 1 — 2 Largo Gm6x> Donegani, 
Milan, Italy, do liereby declare the inventicm, 
for Tn^ch we pray that a Patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly descrfeed 
in and by the following statement: — 

The invention relates to perfluoro-olefin 
derivatives which consist substantially of 
caibon, fluorine and oxygen atoms, and to a 
process for their preparation. 

Chemical and thermal resistance is one of 
the most appreciated characteristics of organic 
compount^ containing a high percentage of 
combmed fluorine in the molecule. Owing to 
an assembly of other favourable dlemic<^ 
physical properties, fluoiinated compounds axe 
of great interest and have found numerous 
useful applications. Fluorinated substances 
containing imsaturations, radicals or chemically 
reactive ftmctions, for instance dodtik bonds, 
carboxyl groups or their derivatives, or car- 
bonyl groups in die molecule allow various 
subsequent transformations of these molecules, 
determine their diemico-physical characteris- 
tics, and make possible tiieir chemical inter- 
action with other molecules. For heat transfer, 
lubrication under special conditions, or elec- 
trical msulation high molecidar weigjit fluorin- 
ated compounds which are liquid witbm a 
wide range of temperatures, having a rather 
limited vapour pressure and possessing the 
diaracteristics of chemical and thermal stability 
in a high degree, are required. For these and 
other applications perfluorinated compounds in 
general are highly suitable. In fact perfluorin- 
ated compounds in gei^ral are highly suitable. 
In faa perfluorinated products generally pes- 
sess the highest chemical inertia and often the 
hi^est thermal stability. 

Tbe invention providies a process for the 
preparation of products containing 



-AFo— O— and — QF^^ 

units, either alone or with 45 

— C2F4— O- and — C2F4— O— O^ 

in a polymer chain which comprises subjecting 
perfluoropropylene or a mixture thereof wit£ 
tetrafluoro-ethylene in the liquid phase to a 
l^otochemical reaction with molecular oxygai 50 
at between - 100°C and + 25°C, at a pres- 
sure between 0.1 and 10 atmo^heres absolute 
in the presence of ultra-violet radiation. 

The products of the invention have a h^ 
content of combined fluorine, practically do 55 
not contain hydrogen in the molecule, are 
generally liquid at room temperature and over 
a wide range of temperatures, stable to 
diemical agents and solvents, and have good 
dielectric, viscosity and kteication charac- 60 
teristics. The process of the invention inakes 
such compounds easily available by a simple 
and suitable process yielding fluorinated pro- 
ducts having a molecular wei^it variable within 
wide limits, containing reactive functional 65 
groups, and therefore suitable for a great 
number of transformations. These compounds 
can be regarded as poly perfluoro-ol^n deriva- 
tives and generdly contain from 1 to 1.3 
oxygen atoms per unit of combined perfluoro^ 70 
olrf[n. 

The preferred operating temperature is from 
— 80°C to 0*=*C. The preferred operating pres- . 
sure is from 0.2 to 5 atmospheres absolute 
and generally under about atmospheric pres- 75 
sure. The oxygen may be fed in admixture 
with other gases, generally inert. The ultra^ 
violet radiation used should have a wave length 
between 1000 and 4000 A, preferably prevail- 
ingly higher than 260O A. Alternatively a wave 80 
length lower than 2^0 A may be used and 
a product having an oxygen content of 1.3 — 2 
atoms per combined p^uoro-olefln unit is 
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obtained whicfa may be subjected to further 
U.V. radiation of the higher wave length men- 
tioned above, or to beating up to 400°C, or 
both. 

5 In order to define die structure of the 
products of the invention, for the sake of sim- 
plicity, the general formula (MOs)^ wherein 
M is a unit derived from the opening of the 
doid)le bond of a perfluoro-olefin, n is the 

10 average number of perfluoro-olefin units com- 
bined in the molecule, and is an averaged 
value that varies from 1 to 2 will generally 
be used hereiru When the value of n is suffi- 
dendy high that the variation in the per- 

15 centagc composidon caused by the presence 
of the terminal add fluoride groups becomes 
negligible, the value of x gives an immediate 
indication of the ratio between the peroxy 
groigxs of die type C — O — 0 — C, and of the 

20 ether groups C--0 — C contained in the mole- 
cule. This ratio is in effea given by the 

JC-1 

expression ^ wherein x — 1 and Z — x 

2-x 

respectively represent the average values of 
peroxy and ether bridges assodated with each 

25 unit of combined fluoro-olefitu 

As regards the chemical composition of the 
new compounds of die invention, a role of 
fundamental importance is played by the type 
of U.V. radiation used for promoting the 

30 reaction. By varying the type of U.V. radiation 
it is possible to obtain reaction products hav- 
ing a varied oxygen content. By type of radia- 
tion we mean the distribution and the relative 
intensity of the radiations having different 

35 wave lengths which together compose the radia- 
tion in the reaction vesseL If the photodiemical 



reaction between oxygen and one or more 
perfluoroolefins is carried out imder the 
action of U.V. radiations having a wave length 
between 1,000 and 3,00a A, parriculaiiy 40 
between 1,800 and 2,600 A, and in die absence 
of noticeable proportions radiations having 
a wave lengdi higher than 3,000 A, die 
reaction product mainly consists of compounds 
having i£e general formula (MOi)n in which 45 
X has a value whidi is 2 or very near 2. Ji 
substantial proportions of radiaticHis having a 
higher wave lengdi, for exanq?le between 2,600 
and 4,000 A are used, the reaction products 
mainly consist of compounds having die general 50 
formula (MOx)n in which the value of x is 
lower than 2, and the more intense the radia- 
tions having lower energy that is a wave length 
higher than about 3,000 A, the dostr x ^ 
proadies 1. Thus by suitably var^g tibe 55 
U.V. light source used for activiting the 
reaction or by varying the spectrum of the 
radiations introduced into the reaction vessd 
in which the ccmibination between the per- 
fluoro-olefin or perfluoro-i^efins whi oxyg^ 60 
takes place, die diemical compositibn of the 
polymeric products obteinable can be varied 
as desired between the formula (MOa^ and 
the formula (MO)n. 

Without pretending to formulate a hypo- o5 
thesis as to the mechanism of this reaction, 
we believe that the high energy radiations, 
such as those having a wave length between 
1,800 and 2,600 A, activate the combiuation 
of oxygen with the perfluoroolefin througJi' 'u 70 
true copolymerization. In the case of perfluoro^ 
propylene tins would for example lead to the 
formation of chains ef the type: 



-O— 0— CF(CF3)--CFs— [--0-O---CF(CFa)-^-] . 



75 wMdi grow by continuous alternating com- 
bination of perfluoro-propylene and of oxygen. 
As the reaolt a polyperoxide having the general 
formula (QJ^oOz^ and a polymerization d^e 
n which can be as high as 100 and in which 

80 the terminal groups contain CQF functions is 
obtained. The lower energy radiations, having 
a wave lengthy for example between 3,000 
and 4,0(K) A, cause a modification in the afore- 
mentioned polymeric chains by decreasing the 

85 average number of combined oxygen atoms 
per unit of fluoroolefin. For instance in case 
of perfluoro-propylene this would lead to the 
formation of compounds having a Hmit struc- 
ture consisting of periodic 



„0— CF?-CF(CF: 



90 



units and acid groiqw as chain terminals. 
Besides these products, there is also obtained 
a certain amount of the epoxide of the per- 
fluoro-olefin used. This modification (whereby 
95 in the limit a pure polyedier and not a poly- 



peroxide is obtained) is possible either during 
the same synthesis, by using U,V.^ radiations 
of a wider spectrum, or after the initial syit- 
thesis, by subjecting the previously prepared 
polyperoxide to radiations of a suitable energy. 100 
By passing a molecular oxygen flow throu^ 
a Hquid perfluoro-propylene phase kept at 
between -80°C and -40*^0, uradiat^ by 
means of an U.V. radiation sotnxe consisting 
of a low pressure mercury-vapour generator 105 
(whose emission spectrum does not cornprise 
substantial amounts of radiation having a wave 
length higher than 2,600 A) a progresave 
absorption of oxygen is observed. By stopping 
the reaction after a certain time and dis t il ling 110 
off the unreacted perfluOTopropylen^ a liquid 
substance having a very higji viscosity, a very 
high molecular wedgbt, for example of the 
order of magniiaide of 10* or 10*, and an 
empirical congXKition exacdy corresponding 115 
to the formula QFeO^, was obtained as the - 
reaction product 
This sutecance was insoluble in the usual 
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organic solvents but sohible or misdble in all 
proportions "with various fluorinated and in 
general habgenated liquids, such as perfluoro- 
propylene, perfiuorocyclbutane, pa^uoro- 
5 dimetlq^cydofcntane, and fluarotridhlaro- 
etfaane. The presence of functional add groiq)s 
of the type COF, was detsermincd by both 
addimetric titration and the presence of the 
appropriate bonds in the infrared absorption 
10 spectrum. Hie perosddic composition ap- 
peared evident from the fact that this com- 
pound releases substantial amounts of iodine 
on contaa with sohitions of alkali metal iodides 
for example in acetic anhydride. A Sfample of 
15 this product was subjected, dtiier in the pore 
state or in solution, for example in perfluoro- 
propylene, to the action of U.V. radiation 
havmg a wave length between 1,800 and 4,000 
A and it graduaSy transformed with a de- 
20 crease in its combined oxygpen content and in 
its oxidizing power to readi in the limit the 
empirical composition C3F0O. This composi- 
tion correspcmds to that of a polyether of 
perfliuoro-propylene in which the presence of 
25 peroxidic groups is no longer detectable but 
which still contains add functions at the ends 
of the diains. By graduating the time of this 
treatment, compounds having the composidon 
(QFeO,)! in which tlK value of x can be 
30 varied as desired in the range between 2 and 
*1, have been obtained. Analogous compounds 
have been obtained dirardy in the synthesis 
by using U.V. radiation of a sdtable spectrum 
to activate the reaction between perfluoro- 
35 propylene and oxygen. For instance by using 
as the source of U.V. radiations a hi^ pres- 
sure mercury-vapour generator producing 
radiations having wave lengths between 1,800 
and 4,000 A, products having the composition 
40 (QFeOx)!! in which a: has a value which can 
be highgr than 1 but is always lower than 2, 
that is to say products contaixiing at the same 
time edier and peroxy bridges have been ob- 
tained. The oxygen content of these products 
45 appears to be variable as a function not only 
of the particular emission spectrum of the 
U.V. source used but also of the time of further 
action (rf the radiation of the already formed 
product. If compounds having, for example, 
50 the composition (CaFeOioX, obtained by the 
action of oxygen on liquid perfluoro- 
propylene irradiated with a given U.V. 
\i0st source, are subjected to a further 
irradiation with tiie same source of radia- 
55 tion but in the absence of oxygen, thq^ 
undergo' a progressive modification of their 
composition, that is to say progressive decrease 
in their contbined oxygen content Not only 
the U.V. radiations but also the action of heat 
60 can be profitably used to transform products 
having a given combined oxygen content into 
products having a lower oxygen content and 
therefore a lower ntimber of peroxidic groups 
in the diains. For CKanipie if liquid compounds 
65 obtained by photochemical reaction of oxygen 



with perfluoro-propylene, having the com- 
position (CaF^Ox)!! in whidi x is between 1.1 
and 1,9, are heated to from 50° to 400oC, 
they are transformed into compounds having 
a lower oxygen oratent and, in the Hmit^ by 70 
prdoi^ing the treatment or increasing the tem- 
perature, into compounds having the con^osi- 
tion of polyethers of perfluorc-propylene. This 
treatment can be carried out mwier atmo- 
spheric pressure or und» a pressure higher or 75 
lower than atmospheric pressure, on the per- 
fluoro-oxygenated sitetances in die pure state 
OT on their solutions or aispensions. It is there- 
fore dear that, by the jM-ocess of the inventi<Mi 
from one or more perfluoro-olefins (M) it is 80 
•possible to obtain polymeric products having 
the composition (MOx)n, whereb x can be 1 
or 2 or can have any value between 1 and 2. 
Hiis combined oxygen percentage can be varied 
as desired within the ^dforementioned limits by 85 
usii^ a suii3i)le U.V. radiation to activate the 
reaction between the perfluoro-olefin and 
oxygen or also by subjecting the same com- 
pounds to treatments such as irradiation with 
U.V. radiations, healing or a cwnbination of 90 
both. These treatments which reduce the com- 
bined oxygai content in the form of peroxidic 
oxygen, can be carried out either on tiae com- 
pounds as dinectly obtained from the synthesis 
or on their derivatives, such as thase obtain- 95 
able by hydrolysis, salt, ester, or amide forma- 
tion, or decarboxylation of the chain terminal 
caiboxylic groups derived from terminal COF 
groups. 

The products thus obtained present various 100 
characteristics whit:h render them of a great 
interest for various possible applications. As 
was ascertained, when the value of x is 1 or 
approaching 1, in the compounds (MOx)n 
(dther as ctotained from the synthesis or modi- 105 
fied by conventional diemical operations as to 
the nature of the terminal groups), the mole- 
cules do not contain substantial amotmts of 
peroxidic groups and the compounds have ex- 
ceptional diemical and thermal stability.^ For no 
instance, compounds of this typt^ deriving 
from perfluoro-propylene and havii^ the em- 
pirical con^osition CsFcOn, are mixed with 
molten potassium hydroxide at higji ten^era- 
tures (300 to 350°C), they form salts, and the 115 
add terminal groiqps are eliminated in the 
form of carbon dioxide, they are transformed 
into neutial oily substances whidi are exc^ 
tionally reastant to heat and to chemiod 
reactants. They can be separated by distilla- 120 
tion into fractions havii^ a different average 
molecular vmgbt and tiierefore a different 
value of n, which have a boilmg point be- 
tween 100°C under atmospheric pressure and 
350^C «nder 0.1 mm Hg or above, and a vis- 125 
cosity and density regularly increasing as the 
molecular wdght increases. These substances 
can find useful applications as fluids resistaiit 
to heat and of chemical reaoants, as lubri- 
cants for exceptional conditions of use, as 130 
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fluids for heat exchange, and dielectric insula- 
tion, as plastifiers and solvents for polymers 
and particularly for fiuorinated polymers. 
Compounds of tliis type, even containing a sub- 
5 stantial proportion of peroxidic groqw, can 
find uses, both as free acids and their deriva- 
tives, as surface active agents, impregnatmg 
agents for fibres, paper, and fabrics, to give 
them properties of oil and water-repdlency. 

10 The products of the invention in which the 
value of X is 2 or approaching 2, have proper- 
ties completely in agreement with their poly- 
peroxidic nature: they decompose, even 
violentiy, imder heat and have remarkable 

15 oxidizing properties; for instance they oxidize 
faydroiodic acid to iodine and this reaction can 
be suitable for a comparative determination 
of their peroxidic group content These com- 
pounds can find application in the field of 

20 liquid prqjellants and other uses of peroxid^. 
The products of the invention in which the 
average oxygen content is between 1 and 2 
atoms pa- combined perfluoro-olefin unit have 
characteristics which are intermediate between 

25 those of the polyethers and of the poiyper- 
oxtdes, tiiat is the lower their oxygen content 
the higher their thermal stability or conversely, 
tile higher tiieir combined oxygen content, the 
higher in general their oxidizing power and 

30 tiieir chemical reactivity. , - , 

The products of the invenDon have physical 
properties which vary between those of gaseous 
substances at room temperature and atmo- 
spheric pressure and those of liquid or semi- 

35 solid substances having a high viscosity and 
a very low vapour pressure at ordinary tem- 
peratures. These new products have a mole- 
cular wei^t between rather wide limits, whi^ 
can also reach and exceed values of the order 

40 of 10,000 and \diich therefore puts at least a 
part of tiiese products in the group of the 
macromolecular substances. 

Reactions of perfluoro-olefins with oxygen 
leading not to degradation products due to 

45 breaking of die double bond by oxidation and 
consequent fragmentation, but to the f ormaticm 
of a wide range of compounds of high and 
very high molecular weight, were not known 
until now. It is indeed surprising tiiat stable 

50 irigh molecular weight products contammg 
oxygen can be formed direct reaction ot 
an unsaturated compound with molecular 
oxygea , , 

Generally, the reaction products are sub- 

55 stances having a molecular weight at least 16 
units higher than diat of die perfluoroole&n 
from which tiiey derive, and can reach and 
exceed values of the order of magmtude of 
10,000. Among the products obtainable by 

60 photochemical reaction with oxygen those of 
tower molecular weight can be gaseous srf?- 
stanrcs at room temperature and atmo^hmc 
pressure. Among the crude substances are 
generally present considerable amounts of 

65 epoxide of the starting perfluoro-olefin(s). The 



products of higher molecular weight are colour- 
less liquid si^stances of oily appearance and 
normally having a practically continuous dis- 
tillation cairve. Hie healing temperature of 
these products can be witiun radier wide limits, 70.. 
for examfrfe, between 10°C at atmospheric 
pressure and 350**C at 0.1 mm Hg. Furtiier- 
more a fraction having a distillation tempera- 
ture hi^er than 350^0 at 0.1 mm Hg which 
has the ai^)earance of a colourless, transparent 75 
and very viscous , Hquidj is often present 
Generally the various fractions, wMdi can be 
separated by distillation frcra the whole pro- 
duct of the photochemical reaction of per- 
fiuoro-olefin wrtb oxygen, have a medium 80 
molecular weight and a viscosity and density 
continuously increasii^ with die boiKng tem- 
perature. Tliese fractions, however, show cff- 
tain very similar chemical and physical char- 
acteristics which enables them to be considered B5 
from certain aspects, as consisting of a series 
of homologous products, in the first place dis- 
tinguishable a diffo^ent molecular weight 

From the point of view of their chemical 
structure, the products which are cfbtairied are 90 
rather complex and hfehly influenced by' die 
composition of the starting mixture of per- 
fluoro-olefins and, since the perfluoro-olefins 
have different reactivities m the photodiemical 
reaction widi oxygen, by the degree of con- 95 
version reached. A genial characteristic of. 
the products obtainable according to the inven- 
tion is the presence in their molecule of func- 
tional groups having an add character. The 
most part of these consists of acid fluoride joO 
groups, — COF. These groiiq>s reveal their 
presence, for instance in 5ie infrared absorp- 
tion spectrum causing a characteristic absorp- 
tion in the 5.^ " zcHie. In die products ob- 
tained in die reaction absorptioa bands in the 105 
5.6 /X zone prbbably due to the presence of 
free — COOH carboxyl gjoups, are often 
present. They can easily be formed by hydro^ 
lysis of the — COF groups, by contact with 
moisture during the various treatmems of the 110 
products. The presence in the products of add 
terminal groups is also made evident by the 
behaviour of tiiese products towards lea^its, 
such as water, bases, alcohols, and amines 
which chemically interact vrith ihem. The 115. 
amount or the concentration of add groups 
present in certain fractions^ of the -products 
can be determined by various me^ds for 
instance by titration with an alkali solution or 
by infrared spectrophotometry. The higher is 120 
the concentration of add groups in the litpnd ' 
products obtained from a ^ven perfiurao-olefin 
by photochemical reaction witii oxygen, the 
lower the boiling temperature of the fraction. 
Fractions of liquid products, as can be obtained 125 
for example by photoc3iemical reaction^ ctf 
perfiuonvpropylene whh oxygen show eqinva- 
lent wdgjrts determinable- , by add-base titia- 
tion, between atoout 10* and 10* depending 
i^n the boiling tenqjeratures betw^ 2D^C 130 
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at atmospheric jwessiire and 350^ or more 
at 0,1 mm Hg. In the infrared a-teorption 
spectrum of these fractions are constantly 
present, besides the akeady mentioned absoip- 
3 tion bands due to the presence of — COF and 
—COOH groups, other dmracteristic absorp- 
tions independent from the boiling temperature 
and, therefore, of the molecular wei^ of lihese 
products. A wide aibsMpticMi is present between 
10 7.5 and 9.2 /i, with a maxdntum at about 8.0 
a and other characteristic bands occur at 
10.15 — 11.2 — 11.5 — 12.05 — 12.35 and 
13.4 /A. In the products obtained by reactii^ 
with oxygen, according to the process of the 
13 invention, mixtures of perfluoro-ethylene and 
perfluoro-propylene other characteristic absorp- 
tion bands are present, the position and in- 
tensity of which depend upon the initial com- 
position of the mixture. 
20 Tlie photochemical reaction between one or 
more perfiuoro-olefins and oxj^n has a very 
general character. In fact, it is possible to carry 
out this reaction in the liquid phase, in the 
absencae of any other compound not being the 
25 peifluoro-olefin(s) and oxygen, or in the pre- 
sence of a variety of liquid diluents. While tiie 
photochemical reaction between oxygen and 
perfluoro-olefins can be carried out under very 
different conditiwis, it has, however, been ob- 
30 served tiiat when these reaction conditions aie 
suitdjly variedl, considerable variations in the 
reaction rate and at the same time in the 
charactaistics of the prod*ucts can be achieved. 
Generally, it has been observed that an in- 
35 crease of the average mdecular weigjit of the 
products is obtained when adoptii^ low 
reaction temperatures, hig^i perfluoro-olefin 
concentrations, in the reaction zone, and re- 
duced radiatirai intensrties. On the otiier hand^ 
40 a lowering of the average molecular weigjit of 
the products is obtained when the reaction 
is carried out at higher temperatures with 
limited concentratiras of the perfluoro-olefins 
and with a high radiation intensity in die 
45 reaction zone. The preferred reaction con- 
ditions are to keep the r^icting pcxfiuoro- 
olefin(s) in the liquid phase and radiate the 
liquid phase wth a source of ultraviolet light 
while feeding it with a gaseous stream of 
50 oxygen oc oxygen diluted with nitrogen such 
as air or swne other gaseous oxygen-containing 
mixture, at between -100°C and the boiling 
temperature of the liquid phase at the pressure 
adopted. In practice this temperature can reach 
55 about 25°Q In order to simplify things, under 
these conditions one operates preferably at 
atmospheric or slaghtiy higher pressure. 

A convenient way to carry out the photo- 
chemical reaction between oxygen and per- 
60 fluoro-olefins in the presence of a liquid phase 
is to add another compound in die liquid state 
under the reaction conditions to the reaction 
system. > Tins ,.dUuent,, can among 
various coihpoimds winch do not react to any 
65 considerable extent with oxygen under the 



selected radiation oonditions and may or may 
not possess dissolvii^ properties with respect 
botii to the perfiuoro-olefin(s) used in tire 
reaction and to all or part of the reaction 
products. Ooixq)ounds wtuch can be suitsWe 
for these functions are for example the per- 
fluoro-compoun<b such as peAuoro-cydo- 
hexane, perfluOTodimetbyl-cydobutane, the 
perfluoro-paraffins hawng the general formula 
CnFjaH-z, wherein n is for instance between 3 
and 12, perfluoro-cycbbutane, perfluoro- 
benzene;, the pttfluorp-ammes such as iri- 
perfluoTO-butyiamine, perfluoto fatty adds 
having for example from 2 to 10 carbon atoms 
in the molecule, the perfluoro ethers having 
open or cydic molecules such as perfluoro- 
propyl-pyrane, and the oxygenated perfluoro 
compounds which can be obtained according to 
process of the invention. Furthermore, totally 
or partially dilorinated compounds such as 
carbon tetrachloride, chloroform, methylene 
dichloiide, methylchloroiform, or chlorofluoro 
derivatives of methane, ethane, propane, such 
as those of tiie formulae CFaCL, CFzOto 
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CFQa, CEIFsa, CHFa^, CF^a— CF^a, 90 
CFClr-CF^a, CQa-JCF^, CFoQ— CH^, or 
CF^—CFa— CFsQ can be used as reaction 
medium. When a dQuent used in the reaction 
has dissolving properties with respect to the 
perfluoro-ole£i(s) employed^ the photochemical 95 
reaction wiiix oxygen can be carried out most 
simply by sending a^seous stream of oxygen, 
or an oxygen-containing gas into a vessel oon- 
taim'ng tiie radiated solution of ±e perfluoro- 
otefin(s) in the selected solvent at the lOO 
temperatiHe and pressure chosen for the 
reaction. If under ti^e conditions one or more 
of the components of the liquid phase has a 
considerable vapour pressure, it can be con- 
venient to use on top of the reaction vessel a i05 
reflux condenser, kept at a low temperature 
so as to limit or to prevent completely losses 
of hi^ vapour-pressure compounds of die 
liquid phase due to evaporation or entrain- 
ment witii the oxyen or the other gases leaving HO 
the reactor. Under these conditions the maxi- 
mum reaction temperatiHB is the temperatiire 
at which the vapour pressure of the solution 
reaches die pressure chosen for the system. By 
varying the type of solvent used and the con- 115 
centration of die perfluoro-olefin(s) in it, the 
photochemical r^ctiim in die liquid phase can 
be carried out at a temperature also Mgher 
than the boiling temperature of the perfluoro- 
olefin(s) to be reacted at the pressure adopted. 120 
Some diluents which can be used in the 
reaction, though bdng solvents of the per- 
fluoro-olefin(s) to be reacted, are not at all 
or only partially solvents of the reaction pro- 
ducts. Diluents of this type axe for exan^^e 125 
those of the formulae CQ^, CHag, CSL^CX- 
In this case the liquid reaction products 
sqmate into two phases as the reaction pro- 
cads and can be continuously extracted from 
die reaction vessd. If feeding of an equivalent 130 
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amount erf the perfluort)-olefin(s) together wiiii 
the oxygei is carried out simultaneously, it is 
possible to cany out the jrfiotochemical reaction 
in tiie li(piid phase in a completely continuous 

5 way. Among iht various ways of posible 
operation is included the use of a liqmd sub- 
stance being a solvait neither for the per- 
fluaro-olefin(s) nor for the reaction j^oducts. 
In this case the reaction is preferably carried 

10 out by continuously sending into the radiated 
liquid i^ase a gaseous stream containing the 
perfluon>-olefin(s) and the oxygen in die de- 
sired ratios and by continuously removing the 
liquid or gaseous reaction products from the 

15 liquid phase. Various other devices such as the 
use of activators, photosensitizers, modifiers, 
and/or regulators, can be used for carrying 
out the process of the invention- Independently 
of die particular method chosen, a great num- 

20 ber of new compounds essentially consisting of 
C, F and oxygen atoms, which have as main 
characteristic a very high chemical and thomal 
resistance, and moreover contain functional 
groigw of acid nature, can easily be prepared 

25 rising the process of the inventioa Tliese pro- 
ducts consequently show particular properties 
and can be used for a great number of trans- 
formations and useful applications. When the 
molecular weight of these products does not 

30 exceed about 1000 owing to the presence of 
add groups, the compounds are soluble in 
water and alkaline solutions, and with bases 
with formation of the corresponding salts, or 
with other or:gamc products to yield various 

35 derivarivesi, for instance with alcohols to form 
esters, with ammonia or amines to form 
amides, and generaDy show most of the 
reactions dmraaerisric of perfluoro organic 
adds. They can give carboxylates yielding the 

40 corresponding saturated or unsaturated com- 
pounds, when pyrolysed under suitable con- 
ditions, both in the free form and in the form 
of alkali metal salts. 
When the molecular wdght of the produa 

45 exceeds about 1000, the add character is less 
evident, because a longer part of the chain or 
residue of neutral charaaer remams bound to 
each acid group. Then the products, in aqueous 
solution or suspension, especially when alka- 

50 line, have considerable surface-active charac- 
teristics r^^gjTig The formation of emulsions 
which can be very stable. 

The products of the invention show charac- 
teristics of solubility in common organic sol- 

55 vents which depend npon their^ molecular 
weight. Only the fractions consisting of pro- 
ducts of Ihnited molecular weight are miscible 
m solvents like dieth^ etiier, tohiene,_ carbon 
tetradiloride, and acetone; the fractions of 

60 higher molecular wdght are completdy im- 
misdble in these and odier solvents. Solvents 
miscible in all proportions at ordinary or lower 
temperatures with the whole range of products 
to be ctotained according to the invention are 

65 the liquid perfluoro compounds, such as the 



dted perfiuoro-ofcfios, perfluofo-cydobolane, 
perfluorodinKthyl-cydobutane, and generally 
die perfiuorinated hydrocarbon-^ add-, ether- 
and amine-derivatrves. Also various partially 
fluorinated compounds, such as tho^ of the 70 
formulae CFzCL^CFzO^-CFr-Cl, CF3C3^ 
CFOb and CFjEr, have good dfcolving pro- 
perties. 

Solutions of the products according to the _ 
inventicHi in cme of the above mentioned sd- 75 
vents can usei&iUy be employed in all chemical 
and physical treatments of the products, be- 
cause by lowering the viscosity of the liquid 
media, they favour contaa awl therefore the 
exchange, stibstitution, and combination leao 80 
tions with various liquid or dissolved reagents 
which normally are immisdble with products 
alone. 

In the followmg Examples, whkh illustrate 
the invention, a quartz *Origmai Hairau" type 85 
Q 81 ultraviolet-ray lamp having a tabiikp 
form, a size of 245 x 20 nun. and an 
absorption of 70 Watt and generates a wave- 
length anissicm chiefly between 2400 and 
4400 A has been employed as source of ultra- 90 
violet radiation except where otherwise sped- 
fied. 

Example 1 
An apparatus is prepared consisting of a 
ball-shaped glass reaction vessd having a 9 / 
capadty of 1.5 litre and provided^ witii^ a 
thermometer, and a gas inlet dq>p ing^ p%>e 
reaching the bottom, and connectal with the 
atmosphere by means of a reflux condenser 
wherein a cooling mixture at — 78°C is put. 100 
An ultraviolet-ray lamp is introduced into the 
reaction vessd and by means of external cool- 
ing at -78°C, 1230 g of pure perfluoro- 
propylene are condensed in it^ thrbu^ ^e 
dripping pipe. While naaintaining the external 105 
cooling so as to keep the temperature of the 
liquid between -60 and — 30°Q the UV 
lamp is switched on while, by means of a 
circulation pump, a stream of anhydrous 
oxygen of 130 1/h (litres per hour) is sent 110 
through the inlet pipe dipping down to the 
bottom of the reaction vessd. The gas leaving 
the reaction vessel after Imving passed tfarougjr 
the reflirx condeaiser is washed with an aqueocus 
potassium hydroxide solittion having a concen- 115 
tration of 20% and then cdlected in a 50 litre 
gasometer from which, after drying, the gas 
is once more sucked by the pump and recyded 
into the reaction. An oxygen amount equivalent 
to that consumed in the reaction is periodic- 120 
ally fed to the gasometer. After 28 reaction 
hours about 75 Nl (normal litres) ci oxygen 
have been absorbed and the reaction is stopped. 
The non-reacted perfluoro'propyiene and 
reaction products having a bailing tempera- 125 
ture lower than 30^ at roran pressure are 
separatdy distilled off "and removed froni the 
reaction v«sd. 650 g of a mixture containing 
78% by wdgjit of perfluoro-propylene and 
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19i% of perfluoro-propylene epoxide (b.p. tran^p^ent viscous oil Th^ are distilled with- 5 

- 29^C) are dius obtained. out reflux and tiie foUowing fractions are ob- 

Tlie remaining liquid products amount to tained. 
650 g and have 3ie appearance of a colourless, 



Fraction 


Distillation Interval 


Grams 


a) 


30—407760 mm 


11 


b) 


40—647760 mm 


8.5 


c) 


50720 mm — 105720 mm 


37 


d) 


5570.5 mm — 10070.2 mm 


40 


e) 


10070.2 mm — 15570.2 mm 


53 


f) 


15570.2 mm — 35070.1 mm 


462 


g) 


residue 


30 



Fractions a), b) and c), whicb consist of 

10 liquids having a stinging odour and develop 
hydrofluoric acid fumes vsrhen exposed to moist 
air, are put together and dissolved in 300 cc 
of 2 N potassiimi hydroxide. The aqueous 
alkaline solution is repeatedly extracted vdth 

15 a total amount of 500 cc <tf diethyl ether. The 
ethereal layer is vrasfhed (and stirred) with 100 
cc of sulphuric acid haraig a concentration of 
50%, dried over sodium sulphate and distilled 
over phosphorus pentoxide. After removal of 

20 the ether, 13 g of fluoroxygenated products 
having a boiling point between 40 and 190°C 
and an average equivalent addimetric weigjit 
higher than 200 are obtained. After the extrac- 
tion vpidi diethyl eliier, the alkaline solution 

25 is acidified by addition of 100 cc of sulphuric 
add having a concentration of 9&% and ex- 
tracted -with 500 cc of diethyl ether. The e±er 



solution is distilled over phosphorus pentoxide 
and, after removal ot liie ether, 41 g of a 
product consisting of fluorinated carboxylic 30 
acids are -dbtaineS which have a distillation 
temperature between 90 and 200°C and equi- 
valent acidimetric weights between 164 and 
9(K). These adds show considerable suitfiace- 
active properties when introduced in low con- 35 
centrations into a neutral or weakly aMline 
aqi£X>us medium. 

Fractions d) and e) are put together and 
the product is siAjected to an accurate frac- 
tionation m a rectifying column under a resi- 40 
dual pressure of 10 imn Hg. In this way, the 
fraction reported in Table 1 are separated. In 
the same Table data relating to density, vis- 
coshy, equivalent addimetric wdght and per- 
centage composition determined on various 45 
fractions are listed. 
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Composition 


64.1 






67.0 






68.0 








, 68.3 


Percentage 

c% 


20.62 






20.86 






21.12 
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Viscosity 
(centipoises) 
at 24" C. 


VC 
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If 
V 
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i 


c 
<r 


i 




Equivalent 
acidimetric 
weight 






1044 




1477 




2640 




2832 




3150 


n-i 


1,7877 


1.8035 1 


1.8260 


1.8239 


1.8342 


1 1.8352 
1 


1.8380 


1.8520 


1,8517 


1.8574 


1.8684 


Distillation 
interval (X.) 
at 10 mm Hg 


67.5 — 93.0 1 


93.0 — 114 
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The equivalent adciimetcic weights v/ere ob- 
tained by introdudng about 0,4 g. of exactly 
weighed product into 25 cc of 0.1 N sodium 
hydroxide fceepdng tide whole in strong agitation 

5 for 2 hours at room temperature and back 
titrating with 0.1 N hydrochloric acid using 
phenolphthaleiiL In the thus neutralized scto- 
lion tim fluoride ions preseoEt were determined 
with thorium nitrate. The ratio between the 

10 weigjit in grams of the starting product arid 
the difference between the number of acid 
equivalents of the product and die number of 
the equivalents of fluoride ions was taken as 
the equivalent acidimetric weig^it. 

15 The infrared absorption spectra of the 
various ftacrions are all similar one to another, 
presenting absorption bands in the 5.25 zone 
and in the 5.6 ^ zone, due to the presence of 
^COF and -^CX>OH groups^ respectively. 

20 The intensity of these absorption bands de- 
creases througji the various fractions as tiie 

40 temperature, °C: 

viscosity, centipodses: 

The infrared absorption spectrum of the 
product of which fraction f) consists has 
revealed, besides the presence of small absorp- 

45 lions in the zones of me — OOF and — COOH 
groups, a wide absorption between 7.5 and 9.2 
/X with a maximum at about 8.0 /x, and other 
characteristic absorptions in the 10.15 — 11.2 
— 11.5 — 12.05 — 12.35 — 13.4 ft zones. 

50 A portion of 100 g of fraction f) was slowly 
introduced, witii strong stirring, into 100 cc 
of an aqueous sodium hydroxide sohition hav- 
ing a concentration of 30%. The white viscous 
mass thus obtained was repeatedly washed with 

55 water with stroi^ stirring and then treated 
wili 100 cc of sulphuric add having a con- 
centration of 98%, at 8a-90<=*C. The oil 
separated was wadied with water, separated 
and distilled. 75 g of a rather viscous liquid 

60 product having a distillation interval between 
160 and 310°C at 0.5 mm Hg was obtained 
having an infrared absorption spectrum com- 
pletely sunilar to that of the product before 
the hydrolysis treatment except that the ab- 

65 sorption due to the — COF groups has dis- 
app^ed while die absoiption due to the 
— <X>OH groups proportionatdy increased. 
The viscosity at 30°C of the hydrolyzed pro- 
duct is 320 cent^oises. Anodier hydrolysis 

70 operation was carried out by dissolving 10 g 
of the product of fraction f) in 100^ cc of 
perfluoro-dimethylcyck^utane and treating the 
solution with 50 cc of water, while stirring. 
The organs: layer was separated, dried over 

75 phosphorus pentadiloride and distilled. Thus 9 
g of hydrolyzed product having characteristics 
completely stcdlar to those reported above are 
dhtained. Small quantities of hydrolyzed pro- 
duct give rise on contact with water or an 

go a&aline solution to the formation of a very 



boiling terq)erature increased. Other inftared 
dTsorption bands present in aU the fractions 
occurred in the zones between 7.5 and 9.2 
and furthet!more at 10.15 — 11.2 — 11.5 — 25 
12.05 — 12.35 — 13.4 /x. SolAiUty tests of 
the various fractions in diethyl etiier have 
shown that, while fractrons 1 and 2 are mis- 
crble in all proportions with the solvent, frac- 
tions 10 and 11 are practically inmusdble. 30 
The other fractions ^ow an intermediate 
behaviour. All these fractions are completely 
miscible in all tiie perfluorinated solvents 
examined. 

24 

Fraction f) has an average density d — of 35 

24 

1.8953 and an average equivalent acidimetric 
weigjit of about 4000. In fraction f) the follow- 
ing viscosities are determined at dmerent tem^ 
peratures: 



24 30 40 50 
264 193 117 76 

stable emulsion. Sanoples of the product <^ 
fraction f) and samples of corresponding 
hydrolyzed products heated in the air to 350 — 
400°C for a long period did not became 
coloured, nor give any other notable symptoms 85 
of modmt^tion. 

50 g of the product of fraction f) are heated 
with 5 g of jTO'tassium hydroxide in the form 
of tablets for a period of 2 hours at a tem- 
perature of 240— 250°C at atmospheric pres- 90 
sure, in a 100-cc flask being part of a dis- 
tillation aijparatus. During tfcs treatment the 
developroent of carbon dioxide and water 
vapour is observed. At the end of this treat- 
ment the contents of the vessel are subjected 95 
to vacuum c^tillation. About 40 g of colour- 
less, transparent oil having a boiling interval 
between 120 and 200^C at 0.2 mm Hg are 
thus obtained. This product no longer shows 
an acid character, is completely indifferent 100 
towards water and alkaline solutions, and has 
an infrared absorption spectnmi from which 
absorptions due to add functions are com- 
pletely absent 

The residual fraction g) has a viscosity at 105 
24°C higher than 2000 centipoises, a density 

d ^ of 1.9104, and shows an exceptional 

lesistance to thermal treatment, both in air 
and under high vacuum, without showing any 
sign of modification after prolonged periods no 
of heating at temperatures of ateut 400°C. 
The infrared absorption spectrum of this frac- 
tion is completely similar to that of the pre- 
ceding fractions, except for the very low 
intensity <tf the absorptions corresponding to 115 
the acid groups. i/.;.: 

Fractions f) and g) are miscible in all pro- 
portions with perfluorinated solvoits such as 
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15 



perfiuorocydobutane, perfluorotributytanmie, 
and perfluoropropylpyraiL On the other hand 
they aie inunisciHe with tlie rrrmmon organic 
solvents such as acetone, diethyl ether, tetra- 
hyiroforan, toluene, carbon tetrachloricte, 
chlorofoim, mediylene dichbride, dioxan, 
dimetfayisulphoxide, dimethyiformamide, and 
ethyl acetate. 

Example 2 
The same apparatus as in Example 1 is 
prepared, except that a gjass cylindiickl vessel 
having a volume of 0.4 litre, in which the 
UV-ray lamp is contained, is used as reactor. 
165 g of i^rfluoropropyiene and 200 cc of 
perfiuorocydobutane are collected in the 



reaction vessel by distillation at — 78°C Hie 
reaction is started by passing an oxygen stream 
at d>out 50 1/h and by ligfrrfng the UV-hanp 
at a temperature of — 45*'G The reaction is 
continued for a period of 11 hour^ during 20 
which die temperature of die liqmd phase 
gradually rises until it reaches — 9°C and 
totally abwit 18 N Mtres of oxygen are sAy- 
sorbed. Finally, perfluoro-cydobutanc the Tin- 
reacted perfluoro-propylene and the products 25 
having a faoiting temperature lower than 25^C 
at atmospheric pressure are distilled! off. The 
residue consists of 95 g of a liquid product 
which gives the following fractions vAen sub- 
jected to distillation : 30 



Fraction 


Weight (g) 


Distillation Interval 


A) 


11.6 


25-90 <*C/760 mm Hg 


B) 


20.3 


90— leo^'C/yeo mm Hg 


C) 


29.2 


50— 100''C/0.2 mm Hg 


D) 


15.2 


100— 150''C/0.2 mm Hg 


E) 


12.8 


150— 280°C/0.2 mm Hg 


F) 


3.0 


residue 



The products show characterisdcs equiva- 
lent to those obtained in the corresponding 
distillatioa interval, in Example 1. Tlie pre- 
35 sence of a solvent during the reaction and also 
the higher radiation intensity have led to the 
formation of a prcduct having a lower average 
boiling temperature. 

Example 3 

40 Under the conditions of the preceding 
Example, 135 g of perfluoro-propylene and 
340 g of carbon tetrachloride are reacted with 
oxygen. After 6 hours radiation under con- 
tinuous oxygen-bubbling at between —37° and 

45 -5°C, 7.5 htres of oxygen have been ab- 
sorbed. The reaction is stopped and after 
removal by distillation of tiie products volatile 
at room temperature the liquid medium 
appears heterogeneous. The lower liquid phase 

50 (abottt 25 g) is separated and gives fractions 
of products having boiling temperatures be- 
tween 40°/760 mm and 230^/0.3 mm when 
distilled. The upper liquid layer gives, after 
removal of the carbon tetrachloridej 8 g of 

55 liquid products containing only C, F and O 
and having boinng temperatures between 80°C 
and 210°C/760 nmi. Products having the same 
boiling temperature show charactaistics com- 
pletely equivalent to the cwxesponding pro- 

60 ducts of Examples 1 and 2. 



BSAMPLB 4 

A pbotodiemical ruction between perfluortK 
propylene and oxygen is carried out in con- 
ditions analogous to those of the preceding 
Example, except that 275 g of metiiylene 65 
dichloride are used as diluent in place_ of 
carbon tetradiloride. After 6 hours reaction, 
the two liquid layers present in the reaction 
medium are separated and distilled A total 
of 28 g of fluoroxygenated products are ob- 70 
tained, which have a distillation interval be- 
tween 45V760 mm Hg and 250V0.6 mm 
Hg and properties very similar to the products 
of the precaiing Examples. 

Example 5 75 
An apparatus is prepared consisting of a 
cylindri(^ glass vessel having a capadiy of 
0.4 litre and provided with a thermometer 
and a gas inlet pipe dipping down to the 
bottom and connected with the atmosphere by 80 
means of a reflux condenser cooled at -78^C 
and containing the ultraviolet-ray lamp. Into 
this vessel 460 g of perfluoro-propylene are 
distilled at -78*K3 and a photochemical . 
reaction is started by kradiation with ultra- 85 
violet light and feeding of a stream of 60 1^ 
of dry air to the L'quid phase Icept at — 70°C. 
The air leaves the reaapr and is removed 
after passage through the condenser at — 78°C, 
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\piiich sends at least part of the entrained 25^C, after about 8 hours of reaction. The 5 

perfluoro-.piopylene back into the reactor. As liquid prrfuct remaining m the reactor, 108 

the reaction proceeds, the temperature of the g, is distilled- and separated into the following 

liquid phase rises gradxially until it readies fractions: 



A) 5g 30-57*C/760 mm 

B) llg 45— 98»C/18 mm 
Q 35g 80— 166**C/0.3 mm 
r>) 90g 166— 260X/0.3 mm 
E) 25g residue 



10 



15 



20 



25 



which have characteristics completely equiva- 
lent to lltose of the products described in 
Example I. 

EXAMPLE 6 

An appara"tus is prepared consisting of a 
cylindrical 0.4 litre glass reactor containing 
an ultraviolet-ray lamp, and provided with a 
thermometer^ a gas iniet pipe dipping down 
to the bottom of the vessd, a gas oudet pipe 
provided witli a reftux condenser coded to 
-78°C, and an <niter cooling badi. 380 g of 
perfluoro-ppopylene are introduced into the 
reaction by cfistilktion at low temperature. 
At a temperature of -70°C and with idtra- 
violet radiatian, the introduction through the 
inkt dipping pipe of 60 1/h of an anhydrous 
gas consisting of 2 parts by volume of oxygen 



and 1 part of volume of tetrafluoroethylene 
is started. The gas is fed from a 150 litre 
gasometer by means of a diculating pump. 
Hie gas living the reactor through the r^ux 30 
condeiQser is continuously recycled to the same 
gasometer, after washing with a potassium 
hydroxide solution having a concentration of 
20% by weight. After 6 hours the tenipera- 
ture of the liquid phase has gradually risen 35 
to -27°G, a total of 52 litres of gas has been 
absorbed and the reaction is stopped. By heat- 
ing at room temperature, 212 g of unreacted 
perfluoro^opylene removed from the licpiid 
phase and 215 g of products are obtamed 40 
from the reaction. The following fractions are 
separated by distillation: 



Fraction 


Weight (g) 


Distillation Interval 


a) 


15 


25-€0*/760 mm 


b) 


9 


47—105720 mm 


c) 


15 


80— 10270.5 mm 


d) 


22 


102—15470.5 mm 


e) 


125 


160— 26O70.5 mm 


f) 


27 


260—30570.5 mm 


g) 


2 


residue 



Fractkm f) shows a density d^ of 1.8949 

45 and a viscosity at 24^C of 2990 centipoises, 
a value considerably higgler than that of the 
fraction having an analogous distillation ini- 
terval obtained by photodiemical reaction of 
oxygen with perfluoro-prDpylenc only, 

50 . Example 7 

In this example shows the possibility of 
obtaining a polyperoxide of perfluoropropylene 



&ecdy by reacting the olefin with oxygen in 
the presence of U.V. radiation having a suit- 
able spectmm. For iMs purpose a low pressuit 55 
mercury-vapour NK 6/20 Hanau quartz 
generator having an emission spectrum con- 
taining a high percentage of radiation having 
a wave length lower than 2,600 A and an 
absorption of 8 Watt is used. This source of 60 
U.V. radiation which has a tubular shape and 
an outear quartz sheath, is oomplecely im- 
mersed in 490 g of Hquid perfluoro-propylene 
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placed in a 0.6 litre glass vessel provide d wi^ 
a dipping pipe for the introduction cf oxygen, 
and a reflux condenser kept at — TS^'C and 
v^ch is immersed in an outer cooling bath. 

5 A dosed circuit is prepared for the circula- 
tion of molecular oxygen. By means of this 
circuit die oxygen withdrawn from a 10 litre 
gasometer by means of a circulating pump 
and dried, is fed to the reaction vessd and, 

10 when leaving the vessel through the condenser 
at -78°Q is washed with an aqueous potas- 
sium hydroxide solution and sent bac^ to the 
starting gasometer. The reacucHi is started by 
keeping perfluoro-propylene at a temperature 

15 between -65°C and -75°C and by feeding 
diroi]^ it an oxygen flow of about 50 1/h. 
After 11 hours of reaction 2.4 litres of oxygen 
have been absorbed, the reaction is stopped 
and the unreacted perfluoropropylene is re- 

20 moved from the reactor by distillation - 30°C. 
It appears to contain about 0.3:% of epoxide. 
17.0 g of a liquid-semisolid product are ob- 
tained as a residue which analysis shows to 
contain: 

25 C 19.83%; F 62.73% j O 17.44% 

These figures pracdcally correspond to the 
formula (QFcOzX. - 
The infrared spectrum of this compouna 
shows that — COF groups are present by the 

30 characteristic absorption band in the zone at 
5.25 u, as showa in the accompanying drawing. 
The presence and the amount of these acid 
groups is also shown by titration erf the total 
acidity with a cold alkaline soludon and deter- 

35 mination of the amount of fluoride thus hydio- 
lysed. The presence of peroxidic groups is 
clearly demonstrated by the product, which 
when treated with an acid solution, for 
example an acetic anhydride solution, of an 

40 alkali metal iodide, releases a substantial 
amount of iodine. 200 mg of the product are 
dissolved in 5 cc of 1,1,2-trifluorotnchloro- 
ethane (CFja— CFas). To this solution are 
added 20 cc of acetic anhydride con taining 

45 2 g of potassium iodide and the mixture is 
stirred for a few minutes and titrated with 
0.1 N sodium thiosulphate. 19.95 cc were 
used, corresponding to 0.9 atoms of acDve 
oxygen per perfluoro-propylene (CsF^) unit. 

50 The polyperoxide of perfliuoroprc^ylene thus 
obtained is remarkably stable at room tem- 
perature. When heated in the pure state to a 
temperature higher than 70— 80°C, it decom- 
poses in a violet manner developing gaseous 

55 or low-boiling products and leaving practic- 
aMy no liquid residue. More controllable 
decompositicMi of the polyperoxide can be 
achieved by operating on solutions of the com- 
pound in solvents such as perfluorodimrthyl- 

60 cydobutane, or 1,1,2-tnfluarotrichloroediane. 
Solutions of die polyperoxide ■m.ttese sol-- 
vents can be used for the usual transformation 
reactions of die terminal —COF groups for 



example hydrolysis, estmficatiort, salt or amide 
formaticm reactions winch make it possiWe to 65 
obtain a number of derivatives. 

A solution of 10 g of polypsaradde in 100 
cc of perfiuorodimeSiylcjdobntane is irradi- 
aated, at -25°C to -10^ with an im- 
mersed U.V. radiation source, conastii^ of 70 
a high-pressure mercuiy-vapour Q 81 H an aa 
quartz generacor having an absorption of 70 
Watts. The spectral energy distribikion of this 
generator is such that the ratio of the energy 
of the U.V. radiation emitted with a wave 75 
lengdi higher dian 3,000 A to die energy of 
the radiations emitted with a wave length 
lower than 2,700 A is 6.66: 1. The hradiation 
is continued for 5 hours during which a slow 
dry nitrogen flow is buhbled throu^ the liquid 80 
phase. At the end of the operation the solvent 
is distilled off under rediuced pressure and an 
oil is recovered which is add and has a per- 
centage composition pracdcally correspondir^ 
to the formula (CbFbOh,^)^. Tids product is 85 
stable to heating and can be distilled up to 
about 300^C uwier a pressure of 1 mm Hg- 
The presence of peroxidic groups cannot be 
detected. This shows that the action of suit- 
able U.V. radiations makes it possible to 90 
transform a peroxidic con^und into a stable 
compoimd having a lower oxygen content. 

Example 8 
With the aparatus described in the preced- 
ing Example a photochcmicai reaction is 95 
carried out between liquid perfluoro-propylene 
(525 g) and molecular oxygen, by irradiation 
at a temperature of ^ut — 60°C to —50*^. 
After 18 hours 2.65 normal litres of oxygen 
are absorbed and the reaction is stopped. From 100 
the reaction apparatus kept at -78°C under 
an anhyckous attnosphere a sample of 14 cc of 
solution is withdrawn and by evaporating off 
unchanged perfluoro-propylene a polyperoxidic 
product completely similar to that descnlsed 105 
in the preceding Example is obtained as a 
residue. 

The high pressure mercury-vapour U.V. 
generator is immersed in the reactor and, while 
feeding a slow nitrogen flow to the solution no 
at about -40*^0, the solution is irradiated for 
1 hour. A 23 cc sac^le of sohition is with- 
drawn. After evaporatii3g off unchanged per- 
fluoro-propylene from this sample, as the 
residue an oil is obtained which appears to 115 
have a low periodic oxygen content and is 
remarkably stable to heating up to tempaa- 
tures of about 200°C. The residue of the sohi- 
tion of the initial polyperoxide in perfluoro- • 
propylene is subjected to irradiation for a 120 
furfiier 6 hours and then perfluoropropylene 
is removed by distillatioa As the redttoe^ 24 
g of a liquid having the following composition : 
C = 21.69%, F = 68.20%, O = 10.11% 
corresponding to the formula (C,F5,otOi.o5)w 125 
are obtained. This compoimd, on reaction with 
an add sohitioa of an alkali metal iodide, 
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reveals the presence of practically no peroxidic 
gxxfops. In the infrared spectrum -die absorp- 
tion bands of — COF and — COOH groups 
are presemt. By titration vnih an alkaline soil- 

^ tion and determination of the amount of 
fiiEoride hydrolysec^ aa average equivalent 
wei^t of about 2,411 is determined. Tlie com- 
pound is remarkably stable to heat, it can be 
distilled between 50®C under atmo^heric 

1® pressure and 250°C under 1 mm Hg. Tlie 
distillation curve is continuous and the biggest 
fraction by weight is distilled between 80*^C 
and 110°C/1 mm Hg. 

Example 9 

15 Under the reaction conditions of Example 1 
but at 29°C and with a molecular oxygen flow 
of 20 Ih, a photochenrical oxidation <rf 505 g 
of perfluoro^propylene is carried out for 22 
houre. At the end of the reaction, by distilh- 

20 tion of tile unneacted olefin, 71 g of a liquid 
add product having a Mgh viscosity at room 
temperature and a percentage composition 
corresponding to the formula (QFoOi.e)^ are 
obtained. 300 mg of this product are iodo- 

25 metrically titrated as in Example 7: 18.S5 
cc of 0.1 N thiosulphate are used, wlndi 
corresponds to 0.55 latoms of active oxygen 
per CiFe unit. This product shows an acidi- 
metric equivalent weight of 1 x 10^^ deter- 

30 mined by prolonged agitation of a sample with 
a cold 0.1 N sodium hydroxide solution and 
a badk titration of the unreacted excess alkali 
and of the hydrdysed fluoride of the — CQF 
groups. A sample of 10 g of product, on 

35 gradtal heating up to a temperature of ISO^C 
develops gaseous products and leaves, as a 
residue, 2.5 g of a Hquid vphich is very stable 
to the further action of heat up to above 
350°C, has a composrricm corre^jonding to 

40 the formula (CsF^Oi,^,^^ anc^ by treatment 
with an add solution of an alkali metal iodide, 
does not any tendency to act as an 
oxidizmg agent. This example shows tha^ by 
varying some conditions witii respect to those 

45 descrft>ed in Example 7 particularly increas- 
ing the irradiation time and reaction tempoa- 
ture), it is possible to obtain products having 
an intermediate composition between that of 
a pol5^)eroxide and a polyether of perfluoro- 

50 prop]dene. 

Example 10 
This Example shows thai^ by using a source 
emitting U.V. radiation with a vride spectrum, 
and an e^>enmental system whic^ msikts it 
55 possible quiddy to remove the reaction produrt 
from tiie reactor in which die photochemical 
reaction of perfluoro-propylene with oxygen is 
carried out, it is pK)ss3>le to operate con- 
tinuously. Thus it is posable to obtain poly- 
^ meric perfiuorooxygenated liquids which have 
a higher oxygen content tiian a pure poly- 
^. edi^ having the formula (C^Ffi)^, 

For 'tias purpose an apparatus is prepared 
which comprises a reactor as such, wliich is a 



0.5 litre g^ss reactor containing a liquid phase $5 
of perfluoro^opylene, in which a Q 81 Hanau 
high-pressure mercury-vapour U.V. radiation 
generator is immersed. A dipping pipe on the 
bottom of the reactor allows the introduction 
of an oxygen flow which then leaves the reactor 70 
through a condenser kept at -78°C. Hie 
unreacted oxygen is washed with an alkaline 
solutioit and sent into a 50 litre gasometer 
from which, by means of a drculatinfi; pump, 
it is continuously introduced', after drymg, into 75 
the photodiemical reactor. The oxygen con- 
sumed in the reaction is periodically replaced 
in the cyde. To the photochemical reactor a 
perfluoro-propylene flow is also continuously 
fed from a 50 litre gasometer and recyded by go 
means of a circulating pmiq>. The level of the 
liquid phase in the reactor is kept constant 
by a continuous discharge through the botfcom 
of a corre^nding amount of liquid which is 
sent to a continuous system of fractional dis- 55 
tillation. Fnm this system the olefin and the 
compounds, if any, boiling below 20°C, are 
sent back in the gaseous state to the gaso- 
meter and the liquid resaction products are 
collected separately. The reacted perfluoro- ^ 
propylene is periodically replaced in the cyde. 

Reaction is carried out by initially introduc- 
ing into the reactor 600 g of perfluoro- 
propylene and by feeding to it at -35°C 
to -30OC an oxygen flow of 80—100 1/h 95 
houET and a perfluoro-piropylene flow of about 
100 1/h. After 42 hours of reaction 330 normal 
litres of oxygen are absorbed and ^850 g of 
polymeric Hquid products are obtained. 

Analysis of the residual peafluoro-propylene jqq 
bx the cyde shows that it contains 222% by 
wdght of epoxide (CgFeO), corresponding to 
a production of 190 g of qjoxide. The liquid 
product has the followmg average composition : 
C = 21.14%; F = 66.931%; O = 11.93)% 105 
corresponding to the formula (C3FoOi.2y)n. 
This product rdeases iodme on contact with 
an add sohition of an aHcali metal iodide and 
has a remarkably add reaction. 500 mg of 
this product are iodometricaHy titrated as in no 
Example 7: 13.55 cc of 0.1 N thiosulphate 
are used, vMch corresponds to 0.23 atrans of 
active oxygen per QF^ unit In die infrared 
absoiption spectrum die characteristic bands 
at 5.25 /*, due to the presence of -^COF 115 
groups, are present _A weighed sample of 
product is reacted with a standard aqueous 
alkali solution, with agitation. The excess 
alkali is back titrated with an acid and in the 
neutral solution the amount of fluoride ob- 120 
tained by hydrolysis of tiie -COF groi^ is 
determined. The product has an addinsetric 
equivalent vreigjit between 1,300 and 1,400. 
These values have only an approximate char- 
acter due to the complex constitution of the 125 
mixed liquid product and to the difficulty of 
carrying out titrations inv;a: nonThomogaieoiislV- * 
medium. These polymeric liquid picducts in 
fact, by treatment with alkali solutions, give 
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the corre^onding salts, some of which (±ose 
having a relatively bw mdecular wei^t) are 
soh^ in water and some are msoluble and 
have the appearance of soaps, havmg clearly 
emulsifying propemes. ^ 

A sample of the produa is sul^ected to dis- 
tiUadon: about 30% of the product distils at 
between 40°C under atmosphenc pressure and 
175°C under 1 mmHg/ about 65% di^^ 
between 175°C under 1 mmHg and 360 U 
under ImmHg while the remaining ^out£% 
distils only at higjier temperature. The iitfra- 
red absorption ^ctra of the various fem^s 
are .pracricaUy coincident while the aodnnetnc 
equivalent weight, the viscosuy and d^ 
™essivdy increase as the baibng tempera- 
.^of tJ mixture incr^s^, .The av^ 
composition of the fraction chstdled betwe^ 
nS^/l mmHg and 360^C/0.1 mmHg 
to coLspond to the fom^ 
rCFOxA. A sample of 200 g of the ob- 
pAua is irkdiated at a ^^^s^ 
of 20 to 30°C for 100 hours with a high- 
SeSr^ mercury.vapour U.V. Ught so^ 
g^this treatment a slow dry nitrogen 
STLps in agitation^e liquid P^^^^ 
which^ U.V. lamp is mimersed. At t^^d 
of this treatment the sample shows a wei^t 
loss of 5% while its average P^^S^^; 
position now correqronds w the formula 
?Sox„V While the oxidizmg power of 
£^ p&a after irradiation becomes rema^- 

^y lower, the odier <^^^^«vj:SS! 
the^distillalion curve, do not show r^kaWe 
chanEes. Similar results have been c^tamed by 
S&Tsample of the product to heating 
IrtteSeratu^ of 380°C for 30 hours, in 
^ auro^in which Ae pitssuie v^l^t 
belw 40 atmospheres. The product after this 



Distillation 
Range 



thermal treaimait has a compoation corres- 
ponding to the formula (QFBOias)^. 

From tie add products obtained as de- 
scribed above and havii^ a certain content of 
peroxidic groups, by suhable treatments at is 
^ossfcle to obtain neutral producte^havng a 
very high thermal and diemical stdnlity. SuOi 
a suitable treatmofiT may conast of a neutiali- 
ration with alkaM and thermal decompoanon 
of die ^ts, which eliminates the carboxyUc 
acid croups and most of the perosidic bndg^ 
600 g of potassium hydroxide (85%) in the 
form of tablets are mtroduced into a 3 mre 
vessel provided with an agitator, a refluj con- 
denser and a charge pipe. The vessel is heat«i 
to lOO^C and the slow introduction of tne 
crude oil is started wMi vigorous a^tation. 
The temperature rises to 130— l4poC whde 
the mtroduction <rf 2.0 kg <rf fluoro-o^enated 
product is carried out in 6 hours. T^ saK 
formed is kept in a^tation for further 24 
hours at about 140°C. By elimmatmg the 
drculadon of water from the reflux condmser. 
The water contained in the vessel is left to 
distil together with a small fraction of neutml 
low boiling fluoro-oxygenated oHs ^Me she 
mner temperattne rises to 320 to ^- 
During this stage there is observed also the 
development of a remarkable amount of gas, 
mainly carbtm dioxide. Aft^ a further 4 honre 
of heating to 300 to 320°Q the contents of 
the reactor are cooled and the oil prCTiously 
steam-distilled is added and all the Hquid conr 
tained is filtered to remove die soM s^ts 
vThich prevailing C(m^ of potassium flimnde. 
In total 1^50 g of neutral fluorinated oils are 
obtained which by distillation are fracuonated 
into tiie fracticms having die characteristics 
reported in the following^ Table. 




10070.1 mm to 
200°C/0.1 mm 



HI 200X/0.1 mm to 

350'C/0.05 mm 

IV residue 



300 



30 



Composition 

CgFeOi.oB 
-CaFfiOi.os 
CaFeOi.08 



Average 
Mdecular 
Weight 



2,500— 3>500 
>5,000 



40 



45 



50' 



55 



60 



65 



70 



75 



80 All tiiese fractions have no oxidinng poi^ 
andare exceptionally chemicaUy stable. In tibe 

XSSption Wtnn of these produ^ 
the presence of bands characterisnc of aad 
groups cannot be observed. 

V5^HAT WE CLAIM iS r^^-"^---^ ;^^ 
LA process for the preparation of produ^ 
containing -C3F.-O- and -CaF.-O-O 



units either alone or with — CsF^. — ^0 and 
^CoF^— 0^0 unrts> distributed at randcrai 
in a polymer chain which comprises subjectmg 
peifluoix>-propylene or a mixture thereof witb 
tetrafluoro-etiiylene in the liquid jAase to a 
ohotoctonical reaction witii molecular oxygpn 
at between -100^ and +25°C, at a insure 
between 0.1 and 10 atmospheres absohite in 
the presence of ultra-violet radiation. 
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2. A process according to Claim 1 idiich 
is carried out at from S(PC to O^G 

3. A process accordu^ to Oaim 1 or Qaim 
2 wiiicfa is carried out at from 0.2 to 5 atmo- 
spheres absolute, 

4. A process according to any of the pre- 
ceding Qaims in which the reaction between 
perfl.uoro-olefin(s) and oxygen is carried out 
in the presence of a liquid or gaseous diluent 

5. A process according to Qahn 4, "wherein 
as a gaseous diluent nitrogen is used. 

6. A process according to Claim 4^ wherein 
as a liquid diluent a p^uoroparafmi haymg 
the general formula CJ?2a + 2, in Which n is 
between 3 and 12, perfluorocyclobutane, po"- 
fluorocydohexane, perfiuorodimethylcydo- 
butane, perfluorobenzene, a perfluoroamine, a 



perfluoro-fatty add having from 2 to 10 
carbon atrans in the molecule, cyclic and open 
chain perfluoro-ethers, carbon tetradiloridei 20 
cWoToforaij methylene didiloride, methyi- 
dilorofonn or a fluorochloro dmvative of 
methane, ethane^ or propane is used. 

7. A process fw the preparation of per- 
fluoro-olefin products sid>stantially as hemn- 25 
before described in any of the Examples. 

%. PerflucmyHolefin products prepared by a 
process according to any of the preceding 
Qaims. 

ERIC POnm & GLAiRKSON, 

Chartered Patent Agents, 
317, High Holbom, London, W.C.L 



Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1968. 
Published by the Patent Office, 25 Southampton Bufldings, London, W.C.2, from which 

copies may be obuined. 



1,104,482 COMPLETE SPECIFICATION 

' SHEET drawing is a reproduction of 

the Original on a rtduced scale. 




